INTRODUCTION
The environment can trigger many adaptation and survival responses in living beings. In their environment, the living being is stimulated to develop skills and abilities that will allow its survival and maintenance of the specie.
The enriched environment can be defined as "a combination of complex inanimate and social stimulations" which provides to the living being that dwelled therein better conditions for its development (ROSENZWEIG, 1978) . Some objects are inserted into the animal's environment, such as tunnels, exercise wheel and color objects with the objective of stimulating the animals to exercise their sensory, motor, cognitive, social and behavioral processes (SZTAINBERG; CHEN, 2010) . In laboratories, animal experimentation can be improved using this enriched environment, bringing benefits to the quality of life of the animals and making the behavior closer to the actual response of the organism (BAUMAN, 2005) .
Several studies have demonstrated important effects of enriched environment to the animal, such as cognitive and neurogenic improvements (SOUNBACK-JUNGERMAN et al., 2005) , reduction of apoptosis and tissue destruction (WILLIAMSON et al., 2012) and increase of brain derived neurotrophic factor (BDNF) (SEGOVIA et al., 2008a; YOUNG et al., 2004) . However, studies have demonstrated that among the factors that contribute to the improvements found in enriched environment, physical activity seems to be primordial factor (KOBILO et al., 2011; MUSTROPH et al., 2012) . In a recent study, Xie and his collaborators (2013) demonstrated that the maintenance of enriched environment promotes an increase in speed, duration, distance and frequency of movement, being promoter of physical activity either by increasing the space, number of animals or inanimate elements therein maintained. However, to our knowledge, any study has investigated the magnitude of these effects on aerobic conditioning of animals.
In rodents, exercise experimental model traditionally uses forced exercise as swimming and running in treadmill or the voluntary physical activity (VPA) and the spontaneous PA (SPA) also are studied as another forms of physical activity (GARLAND et al., 2011) . For study the voluntary physical activity is common insert wheel of activity in individual cages. However, the VPA and SPA can be more widely studied when the animal can develop their motor and behavioral processes, as occurs in enriched cages. Nevertheless, little is known about the accumulation of physical activity in enriched environment and its influence on the aerobic capacity in rats.
To verify the effects of increased aerobic capacity, the determination of maximal lactate steady state (MLSS) has been considered the gold standard in human (MANCHADO et al., 2005) . MLSS represent the balance between production and removal of lactate and is determined in several continuous exercise bouts to verify what the higher intensity in which lactate vary not more than 1 mmol/L (BILLAT et al., 2003) . MLSS was adapted for swimming exercise in rats (GOBATTO et al., 2001 ) and can be used verify difference between aerobic capacity in exercise experimental model with rats. The aim of this study was to verify the effects of maintenance of wistar rats in enriched environment on MLSS, blood glucose and body parameters.
MATERIAL AND METHODS

Animals
This study was conducted at Centro Universitário Católico Unisalesiano Auxilium, using male Wistar rats (Rattus norvecigus albinus wistar), 70 days old, from the university bioterium and kept in collective cages in a light/dark cycle of 12/12 hours, with the temperature controlled at 25ºC and free access to water and food. The tests were performed in the morning, and the cleaning of cages performed in the afternoon.
The animals were treated in accordance with the Guide for Care and Use of Laboratory Animals and the project was analyzed and approved by the committee for ethics in animal experimentation (Institutional commission for ethics in animal experimentation, protocol 005).The animals were randomly distributed into the following groups: control group (CG): animals kept in conventional cages during the six weeks of the experimental period; enriched environment group (EEG): animals kept in enriched cages during the six weeks of the experimental period.
Enriched Environment
The enriched cage was assembled based on protocol described by Sztainberg and Chen (2010) and adapted for the species and age of the animals. The enrichment consisted in making the cage an environment abundant in sensory stimulation, produced by inanimate objects such as a wheel of activity, pipes and toys, giving to animals opportunities for sensory stimulation. In addition, the enriched cage (100x60x40) was bigger (2-3 fold) than the conventional cage (41x34x16). Six animals were housed in enriched cage and three in the control cage. The largest number of rats in EE allows greater social contact between the animals. The animals were maintained throughout the experimental period in the respective cage (EE or CG). Determination of the maximal lactate steady state (MLSS)
The animals were subjected to the aerobic capacity test for the identification of the maximal lactate steady state (MLSS), according to Gobatto and collaborators (2001) . The MLSS was determined before and after six weeks of the experimental period. For the determination of MSSL the animals carried out several tests of swimming supporting constant overloads in relation to their body mass (bm), in different days. Each test consisted of 30 minutes of uninterrupted swimming. The objective of test is to determine the higher load in which the blood lactate present stabilization, i.e., difference lesser than or equal to 1.0 mmol/L between 10 th and 25 th minutes of exercise. The first test was performed with the load of 5% bm and variation of 0.5% to above or below, until to found the maximum load in which still occurs stabilization of blood lactate concentration during the exercise session.
Blood samples was collected through a puncture at the end of the tip of the tail of animal, every 5 minutes of exercise for the analyses of lactate concentrations. The blood samples (25µl) were transferred into Eppendorf (1.5 ml capacity) tubes containing 50µL of sodium fluoride (1%). The blood lactate concentrations were determined in a lactate analyzer (Lactimeter: YSI Model 1500 Sport, Yellow Springs, OH, USA).
Evaluations after euthanasia
At the end of the experimental period (7 weeks), after euthanasia and without fasting, the blood was collected and the serum was separated by centrifugation and glucose measured by commercial kits (Wiener Lab ® ). The heart was sectioned and its mass was recorded using analytical scale to investigate possible cardiac alterations promoted by EE. The animals had their length nasoanal using a rule and body mass using a scale. The Lee Index was calculated dividing the cube root of body weight in grams by naso -anal length in centimeter and multiplying ten (BERNARDIS, 1968) 
Statistical Analysis
After the test of normality, the parametric results were statistically analyzed using Student's ttest and the nonparametric through the test of MannWhintey being used for both the software SPSS®.
RESULTS
There was no significant difference between animal kept in conventional cages or enriched cage. Similarly, there were not significant differences in body length and the mass of the heart between the animals of groups studied (Table 1) . The blood glucose did not present significant difference between the groups ( Figure  1 ). The Figure 2 shows the MLSS loads before and after the experimental period. At beginning of the experimental period (pre) the MLSS load was similar between groups, however, at end of experiment (post) animals of EEG presented higher MLSS load in comparing to the CG. 
DISCUSSION
The aim of this study was to verify the housing effects of wistar rats in enriched environment on MLSS, blood glucose and body parameters. The body parameters and blood glucose showed no significant difference between groups CG and EEG. However, at end of experimental period, MLSS load was higher in EEG in comparing to the CG,.
The accumulation of VPA and SPA is usually measured with the animals kept in individual cages. Considering the accumulated physical activity in enriched cage, animals may change their energy balance. However, few studies have investigated changes in body mass in animals housed in enriched cages and the results are imprecise. In the present study, despite the increased cage size and presence of the exercise wheel that, supposedly, increase the accumulation of physical activity in enriched cage, there was no significant difference at end of experiment in body mass. Beale and collaborators (2011) registered rigorously the food intake and body mass of animals whose cages received elements of enriched cage and found no significant differences between the groups. However, in this particular study, cages had equal size and has no wheel of exercise. Using the wheel of exercise to promote VPA, Suzuki and colleagues (1992) have found a reduction in total body mass around 9%, as well as Worthand et al (2009) found a significant reduction in body weight of animals kept for long period in an enriched environment.
The animals housed in standardized cage (Malau Cage) since the fourth week of life during six weeks led to an increase in body weight (FARES et al., 2013) . Tsai et al. (2002) also found no changes promoted by enriched environment in body and heart mass. Heart mass also was not different between groups. The analysis only of body mass isolated is a limitation of present study. Food intake and body composition may offer more information and should be verified in future studies.
The blood glucose of EEG in comparing to the CG was not significant. The benefits of physical activity to improve the action of insulin, increase of glucose transporters (GLUT) and reduction of blood glucose levels are classic (RICHTER; HARGREAVES, 2013). For animals kept in cages with wheel of exercise, there was an increased GLUT4 expression in soleus and plantar muscles (GULVE et al., 1993) and improved insulin action and glucose uptake (LAPIER et al., 2001) .
In dietinduced insulin-resistant animals, there was an increasing in insulin mediated by hepatic insulin sensitizing substance (CHOWDHURY; LEGARE; LAUTT, 2013a) . Is necessary to emphasize that, in both groups, the animals were normoglycemic. The effects of the enriched cage housed hyperglycemic animals can be investigated in future studies.
The study of the effects of physical activity on animals can be executed in several ways. Basically, the authors propose an initial classification in forced exercise, voluntary physical activity and spontaneous physical activity GARLAND et al, 2011) . For the study of the forced physical exercise, are widely used treadmill and swimming pool. The study of voluntary physical activity is usually carried out in animals kept in small individual cages containing the wheel of exercise and spontaneous physical activity is measured using the calorimetry (GARLAND et al., 2011) . In the MLSS test performed at beginning of experiment, when the animals of both groups were kept in cages conventional, there was no significant difference.
However, after six weeks of experimental period, the MLSS of animals kept in cages enriched was significantly higher than animals kept in conventional cage. This data demonstrate that the animals kept in enriched cages had better aerobic conditioning that animals kept in conventional cages, supposedly, due to more accumulation of physical activity in enriched environment.
To our knowledge, there is no study in the literature, which evaluates effect of enriched environment on aerobic capacity. However, some studies have demonstrated that physical activity is an important factor for the changes of others parameters in enriched environment. Kobilo and colleagues (2011) demonstrated that physical activity is a critical factor for the increase in brainderived neurotrophic factor (BDNF) and hippocampal neurogenesis in animals kept in enriched environment. Mustroph and collaborators (2013) also demonstrated that voluntary physical activity promoted an increase in neurogenesis and an improvement in performance in mazes. Keeping animals in enriched cages promotes an increase in accumulation of physical activity, but there is lack of researches to measure this increase (KOBILO et al., 2011) . In a recent study, Xie and colleagues (2013) demonstrated through filming technique that the enriched environment increased the speed, duration, distance and frequency of dislocations of animals, proving higher accumulation of physical activity. These preview findings contribute to explain why the EEG animals of present study showed higher MLSS loads comparing to the CG, despite of the type of exercise used as a means of assessment (swimming) is different in which the animals carried out in enriched environment.
Several methods have been used to measure the accumulation of physical activity in animals, as accelerometers, sensors and video footage (SHIH, YOUNG, 2007; GARLAND et al., 2011) . However, these methods allow access only to locomotion or activity on the wheel, disregarding other forms of spontaneous physical activity such as smelling, rising or fighting. The improvement in aerobic conditioning can be a signal of alterations in the accumulation of physical activity (ARQUER et al., 2006) as well as blood lactate can used to discriminate level of conditioning (DOS-SANTOS; MELLO, 2010) and aerobic intensity (Dos-SANTOS; MELLO, 2011) in swimming exercise with rats. In this way, in the present study the MLSS was performed before and after the experimental period to investigate the effects of enriched environment on aerobic conditioning of animals promoted by maintenance in enriched cages.
In conclusion, the enriched environment improved the aerobic capacity of rats, verified by MLSS load, whereas the blood glucose and body parameters showed no difference in comparing to the control sedentary animals.
